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(54) FIELD EFFECT TRANSISTOR AND 
MANUFACTURE OF THE SAME 

(57) Ab8tiac± 

PROBLEM TO BE SOLVED: To prDVtde a GaN(ganium 
nitride) based field effect transistur capable of 
handGng larger input amplitude making use of a gate 
insulation film. 

SOLUTION: A channel layer 3 and a gate Ineutation film 4 
are laminated on a substrate 1 through a buffer layer 2 
in order of precedence, and a gate electrode 7 is 
arranged on it A source electrode 5 and a drain 
electrode 6 are on both sides of Ihe gate electrode 7 
and electrically connected to the channel layer 3 
through the openings 4a and 4b. The channel layer 3 Is 
composed of n^pe GaN, and the gate insulation iilm 4 
Is composed of AIN(aluminum nitride). The AIN has a high 
Schottky tiarrier ksecause of t)eing superior to insulation 
and can handle a large input amplitude. This can also 
fomn an inversion layer in an enhancement mode and the 
same operation as Si-MOS(silioon metal oxide 
semiconductor) can be made. 
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(54) BWB©«W] «»ja»ah5>$»X3';feJ:t«E-©«ia*j* 



(57) [®$^)] 

M4(*A 1 NKJiO^fiSSnru?.. A 1 Nti*eii^lC 
S i -MOSiRDJ:^tt«bf'P*3-&SCti{i«rtr-S. 




(2) 

1 

[ff*l«l] ^'y-iz-fv (Ga) . r^l/S^^-^A (A 
1 ) , ^^'ym (B) *5cfc^V>e^':7A < I n) *^6^c€. 
g¥©^^©ii>!'j:<<i:^ 1«CDI I I]K7C«t^(N> 
i?:^tfl I h^-r F^b^^^mcJcO^i- 

-■?A%ii>:te< it^tfl I imi-^ h^^ Ht^^ 10 

7,^, 20 

[ff*:B4 3 Stray- hlfe^jgl*, Al, Ga.., N 
<D<t^^-C*3n35^-:5 0. 3<X^ I I 

^ <!: -r 2. it*« 1 teiScD^ h 5 > >^ df . 

5 0 nmJWTC^H-Cab-SCi^i^iki-rSlf^^lfa 

iS*ra 1 iBtS©^?^:lgi9 h 7 > t> ;^ 5? . 3o 
iB=t^ + r^tf^OHifiBiJr- HJftife|gM*J JrO'-eoJS^f 

[IS*ra9] B?iB«^^?TJSteJ:Cf«^«*&JgK:>!*L 40 

[if^io] m^wj-mm^. wiwmtv 

^m>m 8 f Bts<Ds^^*s h 7 > ;^ . 

[if*«i 1] ifiB«-?^et^»*. I I imTtmto 50 
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[i«5}<]ii2] Miam-i^i^igM^. 1 1 imytmtu 

T 7 ^1/ 5 - -i? A *y <t af;«7 'J A© ^ i& ®^^C < <!: 

4^tf^js{cj: •3«fi£u/cc i^!i$air sie^Ji 1 IB 

[m^m 1 4 ] mriay- f-mswwjmtc. mriBy- h 

®i-r-5i»*5 1 8Big©«IH«!l^ h 7>i^;^ dr. 
[If 15] mflBy- h SStt. BffiBfflilliK: J: D ^ 
- h laSJg i ©^MiSa*siffi/h3 n-c I > -5 c i i 
•r S^*39 1 4 fBt8©SI?JS!«^ h 7 df , 
[it*3fl6] ^^y-i^A (Ga) . Til'S-'^A (A 
1 ) . t^'^m (B) iicfcO*'f>e^'i»A (In) 

Sf©5-fe©ii>/i<<!:^> ia©i I imjmtmMW) 
y- f-i^»J!i©«fi!i@©±K:y- Mi®©y h 

d' 3 - y- h ©WMCCfliJili&JB^T-SffiB^J^^Si , 

>i!yi*stRe«Kci^56u. y- ne«tM«:?^^riigi 

>f >ms <h ?rj^^-r s V - ;^ F u ^wMi^mjim^-^ 
tsct^mmfri>mn^i etB^gonffja^sF^^ 
i^^:S»©M3t:^r& 
[^i«©i*JBl^t|{iiW3 

[0 0 0 n 

[mM<Dm-ri>mm^m] ;</';'i7A (g 

a) . T^l'S^'^A (A 1 ) . (B) fcJcO'-O 

A (In) *>6^c^sf©5 %oy}>tji< i 4) 1 a© I 

I mTC^tSm (N) t^^tsl I imi-^V^^ F 
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[0002] 

iti'J'yAi-^ h^-r F (GaN) «-5-©$l!^J^i|ii*s 

3. 4eV<tA»<, mm^^iim^itwic^<o±i . 

5 e VJU±©iC^tC*^<!:#x.6tirC»S. G 
aN<Dm^m&itm2, 5X10' cm/s-CafeO. flfe 
©*^»-C*-SS^'Ja> (Si ) ■?A5ttSR (Ga 10 

As) •?>^>y=I>;^7-^^•-Y K (S i C) KJ:t-^T>ttr 
|glC. GaN05SJ®liJi»*<)5x 1 0' V/cm 

s i-?>GaAs J:0«>-ffijy±:*:^<. SiCJ:»j 

[0 0 0 3] ifi^«:M-:.T«. GaN^ffll>fci|i^m 

^ (Field Effect Transistor ; FET) {Cot,»-CMffe 20 
[0 0 04] HI 6iJj:0fIill 7». GaN4ffll,»A:S 

(Metal Semiconductor ) fltjg© *>©T?& •J . 1f7r-/ 

ra^K 1 (D±K*t40 G a N J: 0 S 7 T ^ 2 
Ut:nS©GaN<f;DJ&:-SSb{'^Ji6 3*sjfM$n. 

^jf-n-enj^RRsn-ri^-s (m. a. Kahn. a. p 

L.. 6 2(15). 1786(1993)), S17 30 
(Hiqh Electron Mobility Transistor ) ^31©*)©"C 
N J: 'Sr-Sm^^^tf H 73binSOAIGaNJ:0^i: 

i,m^mitm7 3 a i^sjiixSMsn. ■e©±(ci^- h 

«ffi7*sffJKS3n?>i^^K:, m^^tf«7 3b©±K:S 
^^IS7 3 ai&*l|tJ J: "5 {cv-;^^S5 i KU-f>« 
ffi6/&i^n^n?K^$nTl^S (M. a. Kahn. 
A. P L.,65 (9). 1121 (1994)). 
[0 00 5] */c JS!l©Fm*. HEMT«JSK:fc«,>r 40 

aifiiy— h^E^O V^jfii Oft:*s<Dfe*-S 
(M. A. Kahn. A. P L.,68 (4). 22 
(1 9 9 6) ) . ^,ito^9)^X>-'^>>^y> h*- ¥<Di> 

[0 00 6] 

[^BJAJ8i9iU J; ^i-r^SM] L/*>L/^c*56. C©J: 

1 ~ 1 . 2 e V5fSigi ittSW^'hS < . G a A 50 
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sJ^CDi^a h+-P^II (0. 7 eV) J:<3»:^*t»fc 

aiC^^iO, MES<!:l>^m^3S!l*Mh7>i^;^^© 

[0007] cntcS^L. Si=Rt?». MOS (Metal- 
Cb(i de-Semi conductor ) M (ciTUfy^Ml S (Metal -In 
sulator-Semi conductor ) §?) h 7 

s \<omtmiiy')^y*=^v-^ K (s i o, ) *i 

MiL/TOS i O, m^lf\VXS i Ji©±tCjf^^t. S 
iO, Mis i)Bt©l?ffiicfcltS]SlKli*?f ^•ol'i 

[000 8 ] StoT. GaNIS©^l?Sll*Mh^>J>X 

111 D J; ^ tc:*:^ j^c A:^Jli|ii€r <!:Sci*^r^SJ:^»(c^c 

[0009] *iiB^ttJ5»!{p^rajS*tcffi*r/cC$nfc*> 
i^scitcj:?). :A:t^tA:tflgiti^i.5c<t*s-ctf5G 

[0010] 

>s;^'!7A*^p>Jk€.l¥©^^©iJ>^c<ifei«©l I ligs 
Tc^i^St^rtrty I I I igl:^-/ h^-r F{l:^!^¥«f* 

[0011] *»W©m^SI!i^ h 7 ^^OllBg* 

y— F,*&#i!I^^L'Ty— F^«!«:»?KgLT'^-5!*>©t? 

aiie©««jSS%jfJsR-r€.«SfiRiij^e3D:ei. y-* Fm«s 

jg|©«fiKe<D±(cy- h m«i© 5 - y- f- ^jgesr 5 
y 5 -y- F^^gi. y 5 -y- F©fl!ijHtcfliffi^ 
j^fssm\m^f$xmt. ys-y-FiiWMi^v;^ 

d'iLTy-F»«tlg®«e5E)l*SJ!?fifjtC|^*L. y- 

F jf^fiS-r * xfi i ^^tf 4)©-c* 2. . 
[0012] ccomMW^ F ^>i^xi»-c-w. y- F 
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[0 0 1 3] CC!>SI?^Mh^>i^X^»cr)i!|jg:^T? 10 
[0 0 14] 

[0015] (^1 <Dmm<Dmm) m i «*^bj<d» i 

WTJ:»)5:Sa« (mtf cffi) l©±«:/'?5r-7 7S2 

ri,»-2>. coy-b«fiigiM4©±tc», y-h?fii^4 

©WP4 a *^U-r ^ r^^^l/Jl 3 <i:«^(C®i^$n/c 

y-y;mS5i. h«6iftM4©53P4 b4/^L-C5^ 

^5 i F U-f >^S6 i©iatcy- hfiS7 j&Si2t9:S 
nrii-5>„ y-:^^®5. Fu-<>«^6*i<J:!>*y- F 3o 

lMi7», m{iaSl©ffl'J*>e>5^^> (Ti) . T-'b 
5-t7A (A 1 ) *5i:U^'^ (Au) *Ji;>:SfflL/-Cfl|fiS 

[ 0 0 1 6 ] y T Ig 2 Bfd;?. «lai6trt©Xt4G a N 
tCj:0«Rg3txTr4Ji3. -e©/*S»m«2Mmi^c 
ori,»-5. 5^i'*;ujg3»m«nM:T^'g!»il/rs i 
5:gS»nU/cnMGaNtCj:t)«^Snr*i«5. ^©/iS 
»F!l^«0. 1 /^miJ^coTtiS. -e©:F*«i^?aS{is 
1 X 1 0''cin-'-rfe.5. ^c*J. ?-i'*JUJ13© 

F ; depletion mode) i&O. ^M!eii^a?:i£< T 
la{SyjUv;U:ty (X>^^>>^-><>F*- F ; enhancem 
ent mode) i^cS. 

[00 17]fi?4^«> ^■.;Hi3©JI3AS0. lym 
©ll-^. ^lifiW^AiS X 1 0'' cm-'JWTtCisU-Ci 
>-'>>;^^>F*-Ft^cS. J:-7T. ±fe©^*iBB!iiS 
Si X 1 0" cm-nc*3liT»x7'U'^i'3>*-Fi 
^C-S, Sfc, ^|ifiigjjgS3&J5x 1 0'* cm-'«TCCfct» 50 
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-C». y- Fm@7{CiE©mE^J!]n^TtK i. 9=- + ^^ 

ji/)i3©4iT'«!&:<. ^■'Vmm.^t=f-^^)\>m'ih. 

©^ffi© ^ + * ^bH 3 (UK «^^*iM^3 3 n -S (, » t)«9> 5 M 
OSt!if'f©x>/'>>;^^> F*- Fii^c?., 
[0018] y-F^i^ji4»0!I^{^T;^5-•i;A:^-r 
F^-^F (A IN) {cj:»)«RR§tiT*sOv •^©JlSl* 
M;itJ3 nmi^t-oTl^-S, :^j:*>> 02(CAlN<bGa 
N<h©ffl*sJ;t/a# (P t) iGaNioraO/OFS 
iBIIXSs^^-r. CC-C. A 1 NiGaNi©P5ttitS2 
i^''t>F«ji'C&5. A 1 N<!:GaN<t©>'<> 

FS^tL (AEc /AE. ) GaAsl^itaiJPID 
tMSfeo-Ciii^jO. 7flS<!:L//c, MM:. H2{C«. H 
PWCCf#enri^.SGaNiP t i©S^3 F + -^ll 
(1. leV) (L. Wang. A. P L.,68 
(9), 1 26 7 ( 1 9 9 6) ) tc:-:)l,i-C4>^fc1ir^ 
L/C, cnfCjrO. A 1 Ni^JliOi^a F=1^-©S 
ttSfti^Oi^n-ri^^tct,**!. A 1 NiP ti©->3 F + 
-fiSS»*^3. 1 eVeefT*StJil5t^ni. C©ffi 
W. GaNifc«GaNI^HEMT^^©y- F'>3 

F+-l*M©:;^€r3©*>j3fg-c^>D. s i o. 

©->3f F+-|BSS©:*:#3i|§I^T*S. US. i^a-^ 
F+-©M<i:«. S@^Jl©f±*ral»i¥3J(*© 

«^ia?D;'3<!:©M=&t,^^*^ CCrWA I N^S i O. 
ti i-©Jfiigi*©m^^Sfn:^ i©M^i^3 5'F+-|Siiai 

[0019] S3(cy- FSffi7©TfC*jWSe^© 
Fm^ia?:^-r. C©J:^{C> 3|!:||Si<DBSSCC<^2> 
m^5S!i^SF7>i?;^df-ctt. y-Fi^M4{cj:oy 
-F^e©ieiMt«iM*!A*<^ori,>-S. S4tc 
4^;l'g3?rW4GaN-C^^L/cia^©y- F^«g 
7©T(cisl^5e»^©y V 5- F>'<> FM^S^r^-T. 
C©035>^6. ^ + *-'Ue3*Xtt©*'5l»l4:W^iiSa 
*sg»T:®l»GaNK:J:9«RS;-rtltf. S i -MOSi 
[al«(c. y-F^®7K:iE©m?:Jn^SciK:J:0S 
KH^rJ^fiKT C iJ&sr # -5 C <!: 

[0020] A 1 N©i%i^K:iQL-C»ja£(C|g 

^di^Snri** (A. Bykhovski. J. Ap 
pl.Phys..77(4), 1616(199 

5) ). c©5:iK{c4jc»-r«. 0 5tciSU/c<fcOic. -y- 

yr-rrSSl 1©±«:A l N)B1 2, Mtt©i -Ga 
NJ113. nS©n-GaNll 1 4. AlNJai5fcJ: 
TSn M© n - G a N.l 1 6 *f!Mc^fi® n - G a N)l 

1 4©±<i:n-GaNSl 6©±«:m@l 7. 1 S^Sr-e 
tl^nj^JSSUytn-GaN/A 1 N/n-GaN^^-T^j" 
-F«:ffllr>T||!|^?:ff-:>Tt»^). n-GaN®14©;i 
Slilum, A 1 N@ 1 5©;»3«3 nm. n-GaN 
J116©J13{i0. Aum-Q^h. 

[ 0 0 2 1 ] H 6 {C-?-©i^*%jj^-r. C© J: 5 KSff AS 
2V©t#©mi4J:t ( 1/ I 0 ) »3 X 1 0' 
flO. 1 o«0. 034nA. f'>'^V;^ (^-^s}-- F) 
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mmits 1 4 0 0 wm' -e*-5. fie-p-c. 

hffia-C*^ 1 0 0 Mm' CC*Jl^€>@^ffi«|^3. 2X 

[0 0 2 2] CCr)5:i»;K*5t,^-r». A1NJ115<DJ?3 

09^ tf. /¥S *s 1 n mgg® t * ©HiJfefiij&s/f 3 3 n m 
Oit©l OOfS (-r^cfcifeSx 1 O 'A) *T'it^Jp-r 

t?#.&. UJj>l/ift*J6. A 1 N©lJ^^BtCfcl-^2.»S 10 
(OmWO. 3 nmgKt?*SCi3{P^, AlN^Srln 

»ilLi,ii#^p>n-5. J: or. y-hm«feM4©05 

[0023] ^tfc. *||{g®ff$«SK:j^SS^3^^S! h 5 

©M^icfci^ s + 4^ ;VJ1 33&i?>/^5':77J12 o— SBk: 

SK^mti^yjA (H e) :j-»!>iaA3nrt,* 20 

[0 0 2 4] C<DJ:^^«fi)t*W-rSSJ?^:^h5> 

[0 0 2 5] mtf. If^T'fTJcO^cScM© 

tKsS (H, ) ;<fX#fflm'P(C*jl,»-C. 

i0 50-cri'';-^>i'^-5. 'Xi^-c. m^it. 

?S:5 2 0*C{CTlf. MOCVD (Metal Organic Oiemic 
al Vapor Deposition ) i^icj:*) MUij':^=^^l'':>':) 
JgJ»2 5nm©GaN©TflWS mmHir) ^gSfiSlf 

•5, mti. sa^i ooo'Cic±tf. MO 30 

i'*;ni3. y-hffiiitjs4^^n-enfisss-ti-s. 

4s. Ga NTilfeeittji^^^J^fiSB ( n u c 1 e a t i 
on 1 a y e r ) i 4>C>t>tl, G a NfiSfi-C«>2^© 

[0 0 2 6] C C-CMf4:^/:^CCW. tfVOJ^O 
Mf^iUr h A (Ga <CH, ) , :T 

MG) , TJU5-'t'ACr)J^i(4<i:Lr h U^g^-'l'T^l'S- 
'JA (A 1 (CH, ) , : TMA) , mMcommtLt: 

ryt-r (NH, ) idjzz/nMo^miommtux 40 
(s i H, ) ^-eti^tifflt^-s. &^:^<owm. 

it. «!!,■? TMG?!!^4 0Aimo ! /m i n. TMA^^ 
1 0 jtimo 1 /m i n. T>-t— T^^O. 4 mo 1 /m 
i nteJ;yfi'-5>*J*^0. 0 1~0. lymol/mi 

8 'J h ;U/m i n OyHMtfZ i:8 0 -y h )V/m i n © 
(N. ) ^SEE;^Wm«2 5 0To 

r r-e*S. 

[0027] i^l^T. ^StSPB ©ffM«ife:6K^^«H e 
-f^i-^^^JRWCcitAL. ^^^©^ai^rtf ^. 5R^©^ SO 
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lH^tT-pfc©^. m«SJCBtt-r:i->x-^g^>i^ (Reac 
tivelon Etching; R 1 E) ^{Cj;^ h^M4% 
S!Rfi<}m*Lt:PiP4a. 4b%?i^gRT-6. liP4 

a, 4b?rJf$^t//c©%. V-;^. y- ^*5<^:0'F^-^ 

>©#«6Bj&eSM^t«:-en-enpii^icm«9'5'>. r 
7 0 0 -c-e 1 ^ra©i^a*m>. y-;^s® 5fc j; 

[0028] JWT. C©mW55!l*M h i^Clftf^ 
[0 02 9] C©SWSft:^Sh-7>S?XiSr-Ctt. CCfC 

ft©^ffi5:»n^ .5 i 9^ + * jui 3 mc^mmm^ 
n. y-;^«ffi5i Fu-^>«#6i©P5{cisnsFu 

-f>'SSfe3&s»5. C©<!:#. 'i^-F*fi»Jg4{Cj:0teil« 

i^il*5]iE< ^c-:jr(,=>-2.©r. y- Fm®7{c»n^5c<!: 

/c. A 1 NlJ^a^t4*JSft^©-C. er'-F^®4©;5§ 

©SgiSi*i^a<Aj:5<t^t(c. A 1 N©J;b^^AS*^l 0 
i, SiO, ©4J; li©r. tas:3>5^i7$> 

[0030]itC*i. i>/^>;:^^>^*-F©^S^«: 
». -?^'-'Ffi@7tciE©«lI*m5i^-i'4^;i'M3rt 

raK FU-<>SdK*tS£tl4Ci*|^». -r^U-^i^a^ 
Ftl^tlr^S, 9^i'*;H13*sXttSfet* 

®e6-r^$ifi^?gej&5igiiG a N(c J: nfcx>/^ 

F^- F©»^CC«. y- FaS7tCiE©mBE 
€:ftl^S<!:5^ + *;Pja3iy- FiS«^)li4 i©Wffi©5^ 
+ *;^B3^5lJrt(cS^7!li^e3^^. S$5B*«0fi5t3n 
t:, y-J:^^5i FU-<>SM6i©Pa{C Fb-<>« 

[00 3 1 ] C ©J: ^ {c:$j|Jg©Jg«itc^2,mW^mM 
F7>i^;^5'tca:n«. A 1 NJ:'3JQ:^>y- Fi»iBiM4 
F«ffi7 i^^+^-rt/BS t©PHltcm-5J:5K:b 

F*-F©»^«:4$t,»-Cfe+^{cy- F«ffi«:mSC 
t*i-C!r. J5lgM©JKfi£tl»^ S i -MOStlsli;j:5 

rmff^^ii?>Cti>!i-c^^. MIC. y-FS^7%*t 
^•r^w«siR©iti35ij3;<^io. 7*P-fe;^©gsg3&i:^ 

[0032] Itfc. y- Fil6i^lBl4^i^tt©i«t,»A 1 
NCcJ:D«^T^J:^)tcU?t©-C. y-Fi»atM4©;i 
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*<^SCi3&s-C*, lii5ii-Citl{'P3-t*5Cids-C#-5>, 
[00 3 3] Mtc. |-^li4 5:MOCV Office J; 

^■r, 4^;l'B3 4)MOCVD;a(Cj:'3^S$-li:/cn 

[0034] (m2(Dmm<omB) m 7 »2P:^h^(d^2 

||]!iS©ff$l^«C*Jt:f ^ 5^ I- ^OUJS 3 i f 7 T B 2 i ©ral 

tc=t -f «; TlWilJl ( c c~citm^m^m 9 ) ^{i;i/cc: 
mam 1 ©iijs©?^siip)— ©^fiK^WL-r 
t,*e, <fcr>-c. m-<Dmm^icii.m—<on^ino. 
c c -ctt■e©i$^NB^tg^w*=tBS■r 
[0035] m^mmm9im^itm^in(oM^A i , 

0. 0 5Mmi!5:-5rC>-5. C©I I I lS7C^©ffifi)cl:t 
». t«R(3f. T-»L'5-'i»A*S0. 2-C;</i;'i?A*5 0. 8 

(■r&to%x=o. 2)-r*2.. i/c. 5^i'*;i'Jl3 

«. J?$*55 0nm. ^*fi!|»ige5&S2x 1 0»» 

[0 0 3 6] 08Ccy- h^7©T{C*iWSe^© 
FSt^ia^^-r. C©<t^(C, *SUlS©Jf$ggK:fi^S 

*;v®3{C/c^SJ:^tcAj:om2>, cnw:J:f3. 
3>^fi!'5j>;^g„ ©ii7^-^»i^3-h5^i'*-»l'jaS©ffl) 

Ci*s-C*-S©t?. :*:||]®©Jf$.^(C*sl^r«. mi©ll 

JS©Ji5SiJ;>3«>|gK:/?3*|f < L-Cl»S. 
[0037] Jfc. C©S^^*Mh-7>i^;^d'«. II 
l©^2fe©?^«sil5l1ilcLT^jiT5Ci*s-c#^, 

rj:t>t^. muafel ©±K:0^«t/t:i>ig:(,i5&5GaN 

Til!!a*RSS3-a-/t©^. mHMOCVD;^^: J: 

lS.&$-m>^<D^I,m 1 ©*l6©»JSIilHl— -c$>*. 
[0 0 3 8] MK. C©SI1l^llSh5>t>;^df«;5C© 

■c&-5or. mi ©IliSoffMilal^w:^ y-hmmi 

MH 9 6 ♦t.*^-:> -p ^> ^l-M 3 3J5?5 < -3 r t, i -5. © 
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ns, itte. c^^^p^*i>-'^>;^p'>^*-^*©^li^K: 

[ 0 0 3 9 ] C ©J; ^ {c*||ife©j^Siic^SmS3S!i*S 
«M 4 ©S^tW^JiS^^P^lIJi 9 i^Vf i>ti^ic^-v^)V 

ic, 0i©|Sfe©J^SIi|^ill«:A 1 NJ;^J^^■5>y-^^ 
iMfclBl44«iitri>S©-c. H 1 ©IIJS©B^{c*ji»-ciii 

[0040] (II 3 (Dmm<omm) m 9 «:4s^b^©II 3 
©j|;te©Jf^]Stc^SSmj!i*^ h ^yiy:^i'OmfiS.im 
■rfe©r*s. c©si?^^h-7>2;;^^ftt. ^2© 

20 3^:ii;ifcC<t*^t. fte«S?2©|life©J^Sg«t|SI-© 

[0 04 1] 9^+^^^ni2 3». 2m(D^i''jrm^m 

( c crttm^«^SJi 2 3a) ©sk:+ 1- 'J T^tf Jl 
< c c-vitm^mfm 2 3b) *«^^/c«ES%WLrl> 

-S, li^«l&)12 3a«. I?3*i3nmr* 

0«fi£Snri>S. :F#S«iie(*mi*2x 1 0"cm 
S^*ffJi2 3bB. /?S*J10n 

^ct,5Ga..v In, N(CJ:»3«fiSt$nTt^S. C©I I 

[ 0 0 4 2 ] 0 1 0 {cy- h^ffi7©TK:*il:^S{E«^ 
©^O KSt-'feS*^^. C©J:5tc. ^*S©?^«J{c^ 
-Sm^JSi*^ h ^>i^;^ 5r-e«. m-l^eaSH 2 3 a i« 
^*tf®2 3 b iJ&J'VT-oS^iJir.TisO^ 
^^fflK*jiirii-?^^Ji&g2 3 affl|J*^^^kbm^^^^T 
Ji2 3 biKc^T- (z:;Ji7c«^*';^) *5fc$SJ: ^>{c^c 
40 o-C(,>S. C©1«^1*. A s3Rie5ffi:^>F^>5>::^5i{C^ 
fflStiTl^SP HEMT (pseudomorphic 
HEMT) fiC^W-4c^<r>-C^h. 

[0043] C©^WS&*Mh^>i^X5?«. Hi ©H 
)l6©miK1i«:Lri!B»-rSCi3&ST-#S. Ttcto 
■fe. mtfS^ I©±(CS7SttL/Tt>!^cti3!)5GaNTllt 
H?:^fi$ii/i:©^> m«MOC V DffiKJ: 7 
rJ12. m^^^$ISe9. mT-tt*&J123a. ^-l^^tfM 
2 3b. S^H^B 23a *J JriJfy- hffii^«4 ^m^X 
^^^^tfll2 3 b^rJiggS-S^I^CCtt. ^ 

50 :^iP0J>^<owmtiyxm^L\t\-')M9}\^^i^'j>'^A {\ 
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n(CH, )3 : TM I n) ^Mt>S. -^^^^^fiSa 
«. t^iRtf. TMG*5iLimo 1 /m i n. TMln^ 
4 0Mmo 1/mi n-C*€>, ^'^')7iiMt'^ 
^*'X(Di5f% 1 6 «; V h;U/m i n^T. ESfifiK««?iJ 
0 0 'CriS. m^^MJl 9 . m.l-mm 2 3b 

[0044] CCD^^^S? h ^ f «;^©J: ^ 

2 3 a<i:S^*tfJS2 3b*5^fil3nrt,».50-C. 

[0 045] C©J: ^ {c:*:jOg©5f^^K:*&Sm#?A^ 
V'7'^V7. dftc J:n«. S^I&M 2 3 a i S-?^f B 
2 3 bi^mSJr^tcLfccDr. :^|iE^ic J:5m% 
5ifr{cm^***tfT-5Ci*i-e#-5. J: -or. ^^^® 20 

i*s-C#€>. */c. ^l©^©Ji^<StlaI«IK:A 1 NJ; 

D!S:sy-b^,#ii4*mt:i>-s©t', moSDffe© 

[0 046] (»4 ©3ijs©ff^.^> la 1 1 \t.i^^m<r>m 

4 ©*lfe©JKS8tC^-5mi??9!l:^S h 7 >i^X if©«^?r 
^■rfc©r*S. C©mi!iS**Mh-7>t;>X^fB. M3 
©XJ6©0!^i llHilc. as 1 ©±fc>'-? 7 T a 2 30 
L'T^^eH® 3 9 *J<f:Of 5" I' ^-"l/M 3 3 S 

nrteO. 9^-f*;i^M3 3©±K:ttv-xm®5*jcfcO' 
S7 ©5^ f * JUJB 3 3 «:*fr4«^g^iK©«liS55i^^j: 

[0 047] «i^!ti*!i3 9a. mz<o%m(ofmtm 

im.. /1S*50. 0 5*xinr$>0. Wffita©* 

14Alx Ga,.x NtCj;>3«^$n-Cl»5, mi/. 1 I 
I fi57C^©iffl^i:k». m«T^l'5-'^A*S0. 3-C** 

'j-j/AAso. 7 (-r^ct?-^ X = 0 . 3)r*)S. 

[0 04 8] 5^f^Jl'®3 3B. m^^l^MM 3 9 ©±tC 

j^fiR $ nfc* 1- 'J rm^m ( c c 3 3 

a) ^©±t£:JfJfiS34T,/c+-i' UT^tfJl (CCTtt 

«^fi»&a3 3b) <i:*>6*8^$nri»s. 50 
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3 3a«. m«. /»S*5 5nm-C*«3. nM^^FJifii^t 
b-CS i*iaSJnSn/cnSA Ix Ga^.x N{CJ:0«^ 
3nTl»-5. I I I«57C^©ifiRRi:btt. m«T;U5- 
•i?Zv*S0. 1 5t:'**Vi?A*«0. 8 5 (•r^i:*:>i&x = 

0. 15) vsbi, ttc. :^mi§i&itm^iti X 1 0 

"cm-'TibS. ^^*na3 3b«. ^S*s 
1 0 n m r * ^ . n m^H^isJ: Zf P m^PmifimtJU 3 

[0 04 9] ^^i-^jnis 3©jb(c«. ^-hmm.m4 

CC|?!feU-r3>3f4' hg4 lAlJ^^StlTfcf?. -e©± 

K:y-:^m@5 i h'ly^ymme ttfi^ti^timmti 

X{.^i>. 3>^fi'hJ14 1«. ■E?d;l«. jfSAJO. 3a 
mr**3. nM:7^f«!^iL/-rS i *i^»D3n/tnMGa 
In, NK:J:»3«R£3n-CC»S. I I I g|7clR©JH 
fiStbtt. «a|^{S:^;i;.5A*S0. SB-C^yV'OM.ifiO. 
1 5 2 (T^cto^y = 0 . 15) "C**. :T^iK!eitSe[« 
mtf5 X 1 0''cm-'-C*S, 

[ 0 0 5 0 ] y- nfiiSigi4©±{ctt. «eiSi4*=s-rs 

iflg 4 2 i . C ©ffliia4 2 *sy- h 4 ifi<^©(iij® 
«:^W6nfcy-FmS7<i:35iJ^JES3tiri5-5. ffllj||4 
2tt. *S*s$S)0. 2mn-C*.9. 

h^-r F (Si, N« ) «:J:f)«lJSSn-C(,»4. -TJarto 

*ll#6©ff$^«i?3^*MF^>5^x^r«. 

Fm@7 tV-xmfiB5*sS§fgS3n/c3>*4^ hJi4 1 
i ifimS. 4 2 ©gtoTj&iJii^^RI-CTia^ LTJ^fiRS ti 
■CteO. V-xm®5iy- FSS7 <b©ra{C*}t-f-Sig 
Si (t,»*Dl5>^y-Xfitn) Sr/h$<-r.5C<i:*5t?t-5.J: 
^«:/d:^Tl>.5.. */c. y-F^®7»y-hS6iS)g4 
i©ejjtiB»*s»M4 2 tc J: »5lS/h$tifcl»t>«?>4Ty 
- F^jS**L/r*50. y-m@7©gln (l^t>l5>€> 

■5. 

[0 0 5 1 ] a^dti* F®4 1 . y-XSg5*J J:Cf F 

u-r>^S6<by-Fm@7t©p^tcw. ^n6©Fa© 

^. t6»)g4 3 tt. FKJ:0«R83nT 

[0 05 2 ] C ©J: 5 ^cfilRS^rWr ^^1??^^ F 5 > 
^X©J;'5icL't:Sij^-r-5c<!:Airt^. ai 
2~01 5»-€-©ss?jti?i*«-rfe©-c*s, 

[0 05 3] if. 012 (a) tC7nU/c<fc5CC. Hi 

om^ommt mm-c l-c. i © jlk^^t^ o 

j:c(,>GaNTiik®^^S3l±/c©i&. m^MOCVD 
^{Cj:f9^<^.7Ta2. Si^S)S3 9. «^«i|&»3 
3a, ^^^^fJi3 3b*Jj:Ofy-Fiffia^M4 5r1tE£Tr 
•SItijSet br©A 1 NJ:«3J^SA 1 N)15 1 

•1*2. (3^■^':^;^®0^x^i. ^^jf^fisuiffi) . ^cfc. 
M o c V D fife©^^ ttH 1 (ommoymMt m—x $> -s . 

[0 054] Ml 2 (b) tCn^b:t<fc^K:. C 

©A 1 N@5 1©±{C. fy^«CVD (Chemical Vapor 
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Deposition ) SCC<fc 0 'J 3 >:t=^=-!^--Y F (S i 

UO. 8 MmititD^/S-y-h 5 2*0ES-r5 (d^5- 

[0 05 5] m.^X^ |5H;<EI1 2 <b> «:^U/c<fe^ 

1©±) tc. {^^{i;^^x-y5»S{cJ:'9S i, N. .fcfjAj: 
■5S i, N, as 3*0. 3 mnSH-T'S. ^©©"fe, 
01 3 (a) tC^SL/fcJ:^{C. S i, N, Ji5 S^rm 10 
tff-h57;U3(-a^df> (CF, ) *Stf^X5rffll,»/c: 
R I Ei4{cJ:i9^*U. 3/'5-y-h5 2©fliMtcfiiJM 

[0 05 6] flPM^J^^Ofc©^. |5)i;<01 3 (a) 
(C^Olfck^JC. 3«'£-y" h 5 243j:J>'ffliJli4 2?:x 
•y^Zy^-7^:^i'tLX, A 1 N® 5 1 5:0tJ^tfT^U* 'J 

if1i$i^it^^<Dt$M-€3b'0 <3.R.Mneham, Appl.Phys.L 20 
ett.. 67 (1996) 11190. CCVit. M^itGO'CiCla 
1^l^1t.T)VijV^tpiC3 0^ffl?«-rcitcJ:Otf^, 
[0 0 57] y-h^«fe)l4=£ffMUfc©^. 013 
(b) (C^bst^^fC, :^®{cC?!lK.tfMOCVDfttCj: 

5 2 fc J; cjfff Jll 4 2 ©±k:*5(, » r ttx f =f ji-fiSS 
*s@e:P,fj:<,»„ -t^c^d^. ccrw. ^^5-y-h5 2 
*jJ:O-<BJii4 2«:*iJffl-ractK:J:0. 3>5f^hJi4 

1 ^^6ailgl4^cB^«$^±rs■i^^^f«3 3 b©± 

icMVim^cmi^-r s ( 3 > ^7 h @jf^)i!a:fi ) . 30 

[0058] n>:Jrd' hJi4 1 ^mi^LtcCD^, 0 1 4 
(a) (C^UfcJc^tC, ^l©||iS©J^S§i|g^ttCb 

r. ^aJB^j^js-r*. ^©©^. 3>5fi'h«4 1 

5:tft\ y-:^^5*5<J:D^'Kb-^>S®6©=i>3f d' 

[0 0 5 9] V-;^mfl65*$J:Uf FU-OSSBigrJi^fiS 40 

^ F @ 4 1 , ffjfi 4 2 Jc 5 — F 5 2 ©_h) 
(C-Joj-fS F<fc?)^C^Ili*^^?FMl/ri:©^. m^itC 
F, 4^tf;«/:^*fflt»ytR I EatcJ:i9-e©-SI5«:l^* 
(X5r5=-^^f d') t/TdfS-y- F5 2®«ffi«:Sffl3 

[0060] mmm4 3 €:»^^L/fc©%. la 1 4 ( b ) 
iCTSLfcJc^tc. ^ffi (*B^|gl4 3teJ:c;i^5-y-« F 
52®±) tClxi^y^ h)ii5 4?:^^JfJs£b. ^Z—^- 
F52*JSa^-2><fe5(C^<-5-y-F52J:>3 4>:^#^C SO 
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(HP) *^tyXt.5^>i^^grR=fcffll»ft:-^X7 Fx 

5» i^fc J: 0 -y- F 5 2 4:m^-ri>. 

[0 06 1 ] y5-y-F5 2^:^*l//c©^> 01 5 
J:UtUi^;^ Fl®5 4©±) IC, rJl'5x^;A*i 

i c/^*)iB;xsJi b Ai^K 5 5 *j^^-r -5 . •€■©© 

Ui^^ FM5 4?r-e©±©^)Mli5 5<b^tk:I^* 

{vyh:ty) L-cy-Fii@7%jfJes-r«. (y-F^ 

i^CC. (O, ) iCF, i=&#tf*' 
:^^m\>>tc F7 X -V >ytcJ: ?)^M4 3 ^SlRBtJtc 

I** L/T V 5 i F W -f 6 ©— gp^-en-e 

nsm^-ss, cntcj:t). hi nc^.btcm^^m 

F-7>j;';^iJi>5:S. 

[0 06 2] c © J: 5 icLxmfS.^tifcm^^mm. f 5 
^v'y^^ij. ^>:©j;^{ctt{^r?><. cco^wnmmh'y 

yiy^iiX'it. y-F^7(cSBE*mSi. 

^f JB 3 3 b k:4sW5 -;JGcS^*f;5^©?SS*n^L. v 

-;^S@5 <!: FU"f >il@6 <!:©FaK:Sf£n.5 Fl^-f^^ 
SfestU^^bTS. CCrtt, F^ffi7<!;y-;^mS5 
*5«^S4afc=i>5'5' Fli4 1 iA5ffliM4 2*PSrta 

S0-t:iBS3nTC»s©-c. ^,>to«>4y-;^ffiia3&s/^3 

[0063] £1 © J: ^ «:*SI;te©?^SSK:^&S^5gima 
F5>i^;^^'KJ:*i«. y-Fse7 ty-;^sg5*i 
«i^3n/c=i>5'^ F)14 1 i*fl!®4 2*llTri5« 

F ^>i?;^4'«. ^ 1 ©SOfe©Jg^<!:|Rl«{CA 1 

N «fc 0 S y- F i^fii^)ii4 > 2 ©^Jfe©ffJ 

«S<!:l^I«|JC«^WIIg 3 9 *fi|^. ^^-^^ 3 ©||)5S©ff^ 

Jit mmic ^^-^ Jim 3 3 ^m^m^m 3 3 at m^m 
nm3 3bncj:*)mmri>j:'iicvtc(ox. miui.^ 

bm 3 ©SIJ6©Jg^K:*ji,»Ts!ilS L/c^*4>WLri> 

[0 064] S/c. *||Jg©?^^«:(J^^,^W^m^ F V 
>i?;^5»©|jjg:^{cj:n«, i^5-y-F5 2*jJ:cX 
tJil 4 2 LT y- F 4 *?fJ^T S J: 5 (C L 

J60Jg^K:^Smi!lja^ F 5 > 3i ^mmt i C i 
r n n 6 R 1 l^/ k ^i*/75W5et*.mr.-f-r-*rj»RB«.ianH t . 

2|c^§g«±iesjisfe©j^,®{ciigs3 fc©-c» 
a^©^j&Jniiir*s. -w^tf, ±is#ius© 

MtSacidi^xit. y- F«6«IS4*A 1 Ntcj:r)«t«-r 

4i:5CCL?c*^ I I I]^7CfgiUTT;l'5x-:7A€rii> 

Aj;< <!:*>^tfl I mi--^ b"?^ V'it^mmi^xibn 
liiSl>J65i<i*WUTl»-5©'CISI«©Sti**liS C tiii 
-C#S. !^{C. AlxGa,-, NO^b^^r^Sn^o 
0. 3<X^lt?*5I I ISj:^-^ F7-f F{b^^l^« 
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[0 0 6 6] *?c. ±iBSlltfe©ffJ^fc*ji,>-r«. y- 
h m@ 7 ©«® 4 a Hz ;^ # 3 i5p y - xnffi 5 *i 

A ( P d) ^Jl/ (N i ) fj: if turn 10 

it^mmm^j: 3 o o "c=&® ^ ^ias-e«^ 

(Mo) -?si5f>5^;^7^> (W) Jii'3C>S3fiL/-CC*.5. 

[0067] Mtc, ±fe#iejfe©B®K:toi»rtt. y- 

>:^g. ^:;«i:t< -r.se <b*sr^SOr% SOnmjJ^T 
U < . 1 0 n mOT^SigFtcjfiFS SEfc. H 1 

OJ^— tt^rlt^TSfcfeJC. 1 nmJi(±*sS?S:L.li. 20 
[0068] JB^t:. ±IBS3 OIIS£€>JB,1l«:*5t»-C 

^mm 2 3b <-r ^c*5% 1- y r^^f a ) (ommicm 

fc, ±fB^4©||iS©J^Sg{cfct>-C«, S-7^Jg3 3 

[0069] MtCi fc. ±MBm 3 (DllJSO^SgCCiJliT 30 
^JPLi&C^Ga I nNK:J;0«fS-rSJ:5(CL/c*^ n 

tJf P M^l*!^?: mJJD U I ^ G a N (C J: «^-r ^ J: ^ 
L-C*>J;t». m-C*/c> ^^«i|i&J12 3 a«:nM^$« 

^$«^*^JnLA:A 1 GaN{Cj:0«fiS-rSJ:^M:Lr 

[0070] mifiitc, ±1304 <omm<Dmmiicis^,^x 40 

JQ L- fjr t ^ G a M k: J: 0 It .fiSf S i: ^ L- ?c *5 ^ n 
itt!^€r^fln Lz/cG a N iCct 9 4 J; ^ K: L-r J: 

^Mf!I^^Jrai/Aj:t,»Ga I nNK:J:»3«lfiS-rSJ:^Kl, 
r«>J;C\ 3f/c. ^^«t*&J13 3a5rnM^J«!(?J*^»n 
U;cA 1 GaNK:j;0«fiRTSJ:5lCUfc3&s> nM^^I* 
!fe*aSJ]n L fcG a N tc J: »3 «^-r S J: 5 L/ 1: i I » . 
[00 7 1 ] MK^;^c. ±i3m2rj:[,>Lm4(Omik(DB 
^tC*Jt,ir«. ^^^iUi9, 3 9*Xtt©A 1 GaN 50 
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icj:Om^ti>^^lcLfcifi. I I imtmtbXTJi 
5 - -t; Afc J: c;*' <; A© ^ ©ii>ife < <!: 4) ;</ •> A ^ 

[0072] JJD^T^fc. *^B^«. ±ie^3*5j:af^ 
4©^fe©J^ji«:fc(,»-C. S^^a2 3a, 3 3ai 
^^*tfJ12 3b. 3 3 b <!:©P^{cXtt(DGaNi:l3^c 
(J?;^«mtfl nm) ^jfAU. 

[007 3] ±Mim4(omm<om^icin,^x 

5 2%l^5fe-rSJ:^ ICUfcj&s. 5^5— h5 2**> 
i/X7">-?>* U rT'r >^ii©Wl^^« ({a);i«7 0 0 -C 

cn*i^*-rsc<bAj:<-e©iiy- h^ffi7©— 

[0074] Jra^r ±iBS3ISS©fl5StCtil,ir 
tt. g^f^r^JUSS^rnM© I 1 h^^" FMt 

^^jSi*r'«^-r?.<t5tCL/c*s. 3js:^5^«. pS© 

1 1 I i^f7U3^^:^-Y h ^-r F^b^^i^r«ifiSofc«^ 

[0075] HtCS fc. ±ia&Jlife<DJi^SI{C*5liT». 
m=f-mMfS9. 3 9. ?^ + *;HB3. 2 3. 3 3 . y- 
h^^M4*5J:CX3>5»i^ hB4 l^MOCVD^KlJ; 

•?i®x f J» + { Molecul ar Bean Epitaxy : M B E ) 
^W8l#Jll^^i^J.tr3»+5^- (Metal Orqanic Mole 
cular Beam Epitaxy: MOMBE) ^■^■€-©fife©C V D 
i'©flk©^Sfc i D i f ^ + jUfiSfi 3 -tt .S J: 5 

[0 07 6] 

iStSi;i© I I I I^S^i- ■< HMb^^^ft J: K) 

+^{cy-hmEE?:)!HI;i6Ci*ir#S©r. JSfeS© 
?f^RSil->5 S i -M0Si!SICi:^«:m*3-!f-SCi 

[ 0 0 7 7 ] S fc. ^^BjcoSff SftftM h ^ ^i;*;^ if© 
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m 1 ] ^mmm 1 (oms.(Dj^m.m^'m'nn¥m. v 

[02] A 1 NiGaNiOr^feJ:D=Pt iGaNi© 
P^®>'f > F^tttS%*T8!fcS:E-r&S. 10 

[0 3] @Ui:^jxUfc^l?59!lllSh^>e^Xir©y-f- 

[04] ^-'l'®?rXtt©GaNicJ:ip^fiXU/c*B^ 

[05] A 1 N©ffeiMJtt?:P'^*^il(Cfflt»6n/cn - 
G a N/A 1 N/n - G a N d^-^ ^h- K©«fiS^:^-rBi 

[06] 0 5Kn^Lfc^«'^:t- FtCteWSSBEiSSKi 
©M«^?r^r!|^1±^-C*^. 20 
[07 ] 3t:^©m2©ll«fe©?K.«{C«^S«l1l^^ h 

3f ©«fi)E*«-rWiffi0-C*-5. 
[0 8 ] 0 7 iCTSUfcmi^^ll^ h 7 3*©^- h 

[09] *^©^ 3 ©3g«te©JBSg{C^Sfl|^S»^ h 

[010] 09K:^l/fcli|?^«Mh-7>i^;^^»©-Jr-* 
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[Sin im'i^mf^A<jym%.<mwic%h'^nmm. 

F 7 >i?;^ 5'©^^«:^^»rB0r* ^, 
[012] 01 HC^5ti^c«^^l^h7>i^;^^'©& 

[013)012 {Ci^< SSJjgXSSa-TiKfflS-C* 

^. 

[0 1 4 ] 0 1 3 K:i^< SiStXS=£m-rtlltB0t'* 

[0 1 5 ] 0 1 4(cii<^Min:s%^rtiir90'c% 



[016] se3fe©^i?^«s h ^ ©«fis^a-r 
»fffi0r*5. 

1, 11 2 •/■5:»7tS. 3. 2 3. 3 3 "? 
f^Jl'JB. 4--y- HfeSlg. 4 a. 4b-Bgn. 5- 

V-y^^@, 6 "KU-/>m®. 7-y-F^. 8- 

^Stgp. 9. 3 9-^^i«^ (^-c yrisiM®) . 1 

2. 15-AlNJS. 1 3 " i -GaNB. 14. 16 

-n-GaNJl. 2 3a. 3 3a. 7 3a-1l^i^^ 
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